Motivated by the recent CMS excess in a flavor violating Higgs decay h → µτ as well as the anomaly of muon anomalous magnetic moment (muon g-2), we consider a scenario where both the excess in h → µτ and the anomaly of muon g-2 are explained by the µ − τ flavor violation in a general two Higgs doublet model. We study various processes involving µ and τ , and then discuss the typical predictions and constraints in this scenario.
I. INTRODUCTION
The Standard Model (SM) of the elementary particles describes particle physics phenomena remarkably well up to the electroweak scale. In addition, the recent discovery of a Higgs boson at the LHC [1, 2] strengthens the success of the SM. On the other hand, the detailed measurements of the Higgs boson properties have just started, and the whole structure of the Higgs sector may have not been unveiled. Therefore, theoretical and experimental studies of the extended Higgs sector would be important to understand the nature of the Higgs sector.
One of simple extensions of the Higgs sector in the SM is a two Higgs doublet model (2HDM) where additional Higgs doublet is introduced and both Higgs doublets can couple to all fermions. As a result, flavor violating phenomena mediated by the Higgs bosons are predicted [3] . In most cases, such a flavor violation has been considered to be avoided because of lack of the experimental supports for the anomalous flavor-violating phenomena [4] [5] [6] [7] .
However, the CMS collaboration has recently reported an event excess in a flavorviolating Higgs decay h → µτ [8] , and it suggests that the best fit value of the branching ratio is BR(h → µτ ) = (0.84
where the final state is a sum of µ + τ − and µ − τ + , and the deviation from the SM prediction is 2.4σ. In addition, the result of the ATLAS experiment has also appeared recently [9] , and it is shown as BR(h → µτ ) = (0.77 ± 0.62) %,
which is consistent with the CMS result within 1σ. Although these results have not
been conclusive yet, these become strong motivations to study the flavor violating phenomena predicted by the Beyond Standard Models .
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In Ref. [14] , we pointed out a possibility that the µ − τ flavor violation in general 2HDM can explain not only the CMS excess in the Higgs decay h → µτ , but also 1 The lepton flavor violating Higgs decays have been investigated before the CMS excess has been reported [33] [34] [35] [36] [37] [38] [39] .
the anomaly of muon anomalous magnetic moment (muon g-2) [40] . This possibility is interesting because two unexplained phenomena can be accommodated in the 2HDM, and hence it is worth further investigating this possibility. In this paper, we study phenomena related to µ and τ lepton physics in the scenario to see whether there are any interesting predictions and constraints caused by the µ − τ flavor violation.
The paper is organized as follows. In section II, we present a general 2HDM where both Higgs doublets couple to all fermions. We discuss the Yukawa interactions and
Higgs mass spectrum in the model. In section III, we consider a solution where the CMS excess in h → µτ decay as well as muon g-2 anomaly can be explained by the µ − τ flavor violating Yukawa interactions in the model. We show the typical parameter space where both anomalies are explained. In section IV, we discuss τ -and µ-physics in the interesting region studied in the previous section. Especially, we study τ → µγ, µ → eγ, muon electric dipole moment (muon EDM), τ → µνν, τ − → µ − l + l − (l = e, µ), µ + → e + e − e + , and τ → µη. The prediction of τ → µγ can be within the reach of the Belle II experiment, which will start near future. The extra Higgs boson correction to τ → µνν can be as large as 10 −3 − 10 −4 , but it is not large in τ → eνν mode. The future improvement of measurement on lepton flavor universality in τ → µ(e)νν decay will be important in the scenario. We also find that unlike the µ − τ flavor violation suggested by the CMS result, the e − τ and e − µ flavor violations are severely constrained since the constraint from the µ → eγ is strong. Therefore, the processes related to e − τ and e − µ flavor violations are suppressed. In section V, we also discuss an implication to Higgs physics. Since e − τ and e − µ flavor violating Yukawa couplings are strongly suppressed, h → eτ and h → eµ Higgs decay modes will not be observed in this scenario, contrary to h → µτ mode. In section VI, we summarize our results. Taking a certain linear combination, we can define the basis where only one of the Higgs doublets obtains the nonzero vev as follows:
II. GENERAL TWO HIGGS DOUBLET MODEL
where G + and G are Nambu- 
Here θ βα is the mixing angle and fixed by the Higgs potential analysis. Note that when cos θ βα → 0 (sin θ βα → 1), the interactions of φ 1 approach to those of the SM Higgs boson.
A. Yukawa interactions
In mass eigenbasis for the fermions, the Yukawa interactions are expressed by
where i and j represent flavor indices, and
, e, ν) are mass eigenstates. Here we have assumed that the tiny neutrino masses are achieved by the seesaw mechanism introducing super-heavy right-handed neutrinos, so that in the low-energy effective theory, the left-handed neutrinos have a 3 × 3 Majorana mass matrix. The Yukawa coupling constants ρ ij f are general 3 × 3 complex matrices and can be sources of the Higgs-mediated flavor changing processes.
In mass eigenstates of Higgs bosons, the Yukawa interactions are given by
Note that fixing the couplings, λ 3 , λ 4 and λ 5 , the heavy Higgs boson masses are expressed by the CP-odd Higgs boson mass m A , which we treat as a free parameter of the model. The contribution to the Peskin-Takeuchi T-parameter [41] should be taken into account, so that we assume that it is suppressed by the degeneracy between m A and m H + as well as the small Higgs mixing parameter c βα . Therefore, we set λ 4 = λ 5 in our analysis, which corresponds to m A = m H + .
III. SOLUTION TO THE CMS EXCESS IN h → µτ AND THE MUON G-2 ANOMALY
The CMS collaboration has reported an excess in a Higgs boson decay mode h → µτ . Furthermore, it is known that there is a discrepancy between the measured value and the SM prediction of the muon anomalous magnetic moment (muon g-2). The both anomalies cannot be explained by the SM, and hence they might be an indication of physics beyond the SM. In this section, we discuss whether the general 2HDM can accommodate both anomalies simultaneously, and investigate the parameter space where both anomalies can be explained.
An excess in h → µτ decay mode has been reported by the CMS collaboration:
The best fit value of the branching ratio is BR(h → µτ ) = (0.84
−0.37 )% [8] . As discussed in the Introduction, the ATLAS collaboration has also shown the result, BR(h → µτ ) = (0.77 ± 0.62)% [9] , which is consistent with the CMS one. It would be an indication of new physics because the SM can not accommodate the excess.
Since in the general 2HDM the SM-like Higgs boson has flavor violating Yukawa interactions as discussed in the previous section, the excess can be easily explained.
The expression of the branching ratio of the h → µτ process is given by
where Γ h is a total decay width of Higgs boson h and we adopt Γ h = 4.1 MeV in this paper. In order to accommodate the CMS excess, the µ − τ flavor violating Yukawa couplings need to satisfy the following condition:
It is interesting to note that even in the small Higgs mixing (|c βα | 0.01), the µ − τ flavor violating Yukawa couplings with the order of 0.1 can achieve the CMS excess.
B.
The muon anomalous magnetic moment (muon g-2)
We have shown that the µ − τ flavor violating Yukawa couplings in the general 2HDM explain the CMS excess in the h → µτ decay mode. Here we consider extra contributions to the muon anomalous magnetic moment (muon g-2) generated by the µ − τ flavor violating Yukawa couplings.
A discrepancy between the measured value (a Exp µ ) and the standard model prediction (a SM µ ) of the muon g-2 has been reported [40] . For example, Ref. [42] shows the following result:
interactions can accommodate the muon g-2 anomaly. The effective operator for the muon g-2 is expressed by
We note that the chirality of muon is flipped in the operator. Therefore, if there is a large chirality flip induced by the new physics, it can enhance the extra contributions to the muon g-2 [43] . A Feynman diagram for the extra contributions of the neutral Higgs bosons to the muon g-2, induced by the µ−τ flavor violating Yukawa couplings, is shown in Fig. 1 . As shown in Fig. 1 , the chirality flip occurs in the internal line )
where we have assumed that ρ µτ e ρ τ µ e is real, for simplicity. We will discuss the effect of an imaginary part of these Yukawa couplings later. We note that a degeneracy of 
A. τ → µγ
The first process we would like to discuss is τ → µγ. The µ − τ flavor violating Yukawa couplings induce the flavor violating phenomena τ → µγ, as shown, for example, in Fig. 5 . We parametrize the decay amplitude (T τ →µγ ) as follows:
where P R, L (= (1 ± γ 5 )/2) are chirality projection operators, and e, α , q, p and u f are the electric charge, a photon polarization vector, a photon momentum, a τ momentum, and a spinor of the fermion f , respectively. The branching ratio is given by
where α and G F are the fine structure constant and the Fermi constant, respectively.
The lepton flavor violating Higgs contributions to A L and A R via y 
where A is strongly constrained by τ → 3µ process as discussed later. Therefore we have neglected the contributions from y e φ µµ . 
where Functions F H, A , G andF H, A are defined by
Note if the Yukawa couplings ρ The total amplitude A L, R is a sum of all contributions,
In and ρ tt u can be still larger than, for example, O(0.1) with some correlation, however, the future experimental constraint would be significant for this scenario. Therefore, the τ → µγ process would be important to probe the scenario. are strongly constrained.
Similar to τ → µγ, we parametrize the decay amplitude (T µ→eγ ) as
and the branching ratio is given by
The neutral Higgs contributions A 
where the Yukawa couplings y e φ ij are defined in Eq. (7). Here we neglect an electron We note that for this parameter set, δa µ = 2.2 × 10 −9 .
mass and we assume that the Yukawa coupling y e φ ee is negligible. 5 The charged
For nonzero y 
Similar to the muon g-2, the contributions from the µ − τ flavor violating Yukawa interactions together with the e − τ flavor violation have O(m τ /m µ ) enhancement, and induce significant contributions to µ → eγ. In Fig. 8 , we show numerical results 5 The Yukawa coupling ρ ee e is strongly constrained by τ → µe + e − process, as studied later.
Therefore, our assumption will be justified. couplings are also severely constrained by the µ → eγ bound. Note that the prediction of µ → eγ for 6 If ρ µµ e is also nonzero, there are also one-loop contributions as shown in Eq. (31) . However, the coupling ρ µµ e is strongly constrained by the τ → 3µ bound, as discussed later. Therefore, the effect from ρ µµ e is negligible and we neglect it in our numerical analysis.
this case does not depend on the value of BR(h → µτ ). The future improvement of BR(µ → eγ) at the level of 10 −14 as proposed by the MEG II experiment [45] would significantly probe the flavor structure of this scenario.
The effective operator for µ → eγ also generate µ−e conversion process in nuclei.
Besides, the extra Yukawa couplings, ρ µe e and ρ eµ e , may enhance the µ − e conversion through the tree-level Higgs exchanging. The contribution depends on the extra Yukawa couplings in the quark sector as well, and then our model may be also tested by the experiments [46] [47] [48] [49] , although our prediction is vague because of the ambiguity of the Yukawa couplings. 7 We comment on the consequence of the strong constraints on the e − τ and e − µ flavor-violations. Unlike the µ − τ flavor violation, the e − τ flavor violating Yukawa couplings in this scenario is strongly constrained as we have seen above. Therefore, the prediction of BR(τ → eγ) is expected to be small. Similarly, because of the smallness of the e − τ and e − µ flavor violation, we also expect that the new physics contributions to the anomalous magnetic moment of electron (electron g-2) should be small.
C. Muon electric dipole moment (muon EDM)
When we discussed the muon g-2, we have assumed that the µ−τ flavor violating 
7 The study on the tree-level flavor changing couplings of quarks is beyond our scope. 
the relation between the muon g-2 (δa µ ) and the muon EDM (δd µ ) induced by the µ − τ flavor-violating Yukawa couplings is given by
Therefore, the predicted muon EDM is
The current limit [50] is
and hence it is not sensitive to this scenario at present. However, the future improvement at the level of 10 −24 e · cm [51] would be significant to probe the scenario.
The Yukawa couplings ρ
induce a correction to τ → µνν via a charged Higgs mediation, where the flavor of final neutrino and anti-neutrino states is summed up since it is not detected.
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The correction δ is given as follows;
In Fig. 10 , numerical results for the correction δ given above are shown as a function of c βα and BR(h → µτ ) in the same parameter set of Fig. 2 . One can see that as 8 In general, the unknown Yukawa couplings ρ iτ e and ρ iµ e (i = e, µ, τ ) generate the extra corrections to δ. However, the Yukawa couplings ρ eτ (eµ) e and ρ µµ e are strongly constrained by µ → eγ and τ − → µ − µ + µ − , respectively. Therefore, the contributions from these couplings are negligible.
The unknown Yukawa coupling ρ τ τ e can be sizable, and hence it can increase the prediction of the δ. Thus our result of δ induced from ρ
is viewed as a conservative estimate. the correction to the muon g-2 (δa µ ) gets larger, the size of δ also becomes larger, and they are correlated each other, independent of BR(h → µτ ). The interesting regions which explain the muon g-2 anomaly within 1σ predict δ ≤ 10 −4 -10 −3 . The current precision of the measurement of the decay rate Γ(τ → µνν) is at the level of 10 −3 [40] . Therefore, the further improvement of the precision would be important for this scenario. In addition, from the τ decay, the BaBar collaboration has reported a measurement of the charged current lepton universality [52] , given by
where f (x) = 1 − 8x + 8x 3 − x 4 − 12x 2 log x, which is a phase space factor. The universality of the gauge interaction in the SM predicts g e = g µ and the current experimental results are
.0036 ± 0.0020 (BaBar), = 1.0018 ± 0.0014 (world average).
In our scenario, we expect the correction to τ → eνν would be small because of the strong constraint on e − τ flavor violation from µ → eγ process. Therefore, the charged Higgs contribution to τ → µνν with µ−τ flavor violating Yukawa couplings induces the significant correction to the violation of the lepton universality above,
The result from the Belle collaboration and the further improvement of the precision of the lepton universality would have an important impact on our scenario.
, µ + → e + e − e + and others
The nonzero Yukawa couplings ρ µτ (τ µ) e also generate processes τ − → µ − µ + µ − and τ − → µ − e + e − (τ → 3µ and τ → µee for short, respectively) at the tree level. They are induced without unknown ρ µµ e and ρ ee e Yukawa couplings. The branching ratios, however, are too small to be observed. Therefore, nonzero ρ µµ e and ρ ee e are important for these processes 9 . The branching ratios for τ → 3µ and τ → µee are given by [53] BR 
set the strong constraints on the ρ ll e Yukawa couplings. For example, the parameter set shown in Fig. 11 , requires ρ ll e < 0.006 (l = µ, e). We note that the constraint on the ρ µµ e is still larger than the value of the muon Yukawa coupling in the SM (y µ = √ 2mµ v ∼ 6 × 10 −4 ). couplings also induce the τ → µee process. However, these Yukawa couplings are strongly constrained by µ → eγ process as discussed in previous sections. Therefore, we neglect these effects.
We also study µ + → e + e − e + (µ → 3e in short) which depends on the µ − e flavor violating Yukawa couplings ρ eµ (µe) e and the flavor diagonal element ρ ee e . As we have seen, the µ − e flavor violating Yukawa couplings ρ eµ(µe) e are constrained by the µ → eγ process and the ρ ee e coupling is restricted by the τ → µee process. From Fig. 9 and Fig. 11 , the current limits on ρ Under these constraints, it will be interesting to see how large branching ratio of µ → 3e is expected. In Fig. 12 , we show the BR(µ → 3e) as a function of ρ ee e and ρ µe e . In the parameter region where the constraints from µ → eγ and τ → µee are satisfied, the branching ratio can be as large as about 10 −13 . This is consistent with the current limit [40] BR(µ → 3e) < 1.0 × 10 −12 .
The improvement of the branching ratio at the level of 10 −16 [54] which has been proposed by the Mu3e experiment would have a significant impact on this scenario together with the improvement of µ → eγ [45] and µ−e conversion in nuclei [46] [47] [48] [49] .
The τ → µη is also generated by the extra ρ ss d Yukawa coupling via the mediation of the CP-odd Higgs boson at the tree level. The expression for the branching ratio of τ → µη is given by [55, 56] BR(τ → µη) = 3|ρ
where m η and F η are the mass and the decay constant of η. For 
We have a strong constraint although it is still larger than the SM value of the strange quark Yukawa coupling (
The other hadronic τ -lepton decays have been studied in Ref. [57] . They potentially provide constraints on the other extra Yukawa couplings ρ f in quark sector.
For details, see Ref. [57] .
V. IMPLICATION TO HIGGS PHYSICS
We have seen that the CMS excess in h → µτ is consistent with the anomaly of muon g-2 as well as the other experimental constraints. It will be interesting to note whether other lepton flavor violating Higgs boson decays would be possible. As we have already seen, the e − µ and e − τ flavor violating Yukawa couplings are strongly constrained mainly by the µ → eγ constraint. As a consequence, the lepton flavor violating Higgs boson decays h → eµ and h → eτ are strongly suppressed so that the near future experiments such as the ones at the LHC could not observe these decay modes, contrary to the h → µτ mode. Therefore, the non-observation of these decays is one of interesting predictions of this scenario.
VI. SUMMARY
The anomalous event in h → µτ has been observed by the CMS collaboration.
The discrepancy of the muon g-2 is also one of the longstanding issues in the particle physics. These anomalous phenomena may be a hint of physics beyond the Standard We have also commented on an implication to Higgs physics. Contrary to the µ−τ flavor violation suggested by the CMS result, the e−µ and e−τ flavor violations in the Higgs coupling are strongly limited. Therefore, the observation of h → µτ and non-observation of h → eµ and h → eτ would be the important implication of the scenario.
We summarize our findings in Table I . If the CMS excess in h → µτ is justified in coming LHC run, these phenomena in τ -and µ-physics would be key to reveal the physics beyond the Standard Model. ), "(•)" is indicated. If there is an observability when the (currently unknown) experimental improvement is achieved, the triangle mark " " is shown. If the event rate is expected to be too small to be observed, "×" is shown.
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